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Abstract

This study describes the role of interest in eighth-grade students’ (N=183) knowledge formation. Student
knowledge was measured through open-ended questions at three time points: once before and twice after specific
topics had been taught in a regular 45 min geography lesson. Student interest level was assessed using teacher
ratings. Student answers to seven open-ended questions were coded and placed into one of three categories:
everyday, synthetic, or scientific knowledge. Results showed that higher interest was related to providing fewer
everyday and more synthetic answers. However, student answers changed similarly in all interest groups as
measured before and after learning. The content of student answers tended to change as a result of the lesson, but
these changes reflected the formation of new synthetic knowledge.
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1. Introduction

Studies have shown that understanding scientific explanations of natural phenomena is difficult, and even after
several years of formal schooling, various scientifically inaccurate misconceptions persist (Duit & Treagust, 2012;
Frappart, & Fréde, 2006; Henriques, 2002; Vosniadou, loannides, Dimitrakopoulou, & Papademetriou, 2001).
Similar results have been reported about topics related to the water cycle (Ben-Zvi Assaraf & Orion 2005; Cardak,
2009; Thompson & Logue, 2006; Varelas, Pappas, & Rife, 2006). To support student learning, it is important to
examine different types of scientifically inaccurate knowledge (see Kikas, 2003; Vosniadou & Brewer, 1992;
1994).

One way to describe scientifically inaccurate knowledge is to differentiate synthetic knowledge from everyday
knowledge (Kikas, 1998b; 2003). Synthetic and everyday knowledge are not considered simply inaccurate (as has
been suggested by earlier studies dealing with misconceptions); rather, synthetic and everyday knowledge can be
conceptualized as different ways of making sense of abstract phenomena that cannot be physically experienced
(for overview, see Kikas, 2003; Larrain, 2017; Toomela, 2003; Vosniadou, 1994, 2008; Vygotsky, 1986).
Everyday knowledge stems from visible and/or perceptual information that is used to describe phenomena (e.g.,
“the water cycle is water that moves around”; “condensation is water droplets on the window”; Kikas, 2003;
Toomela, 2003; Vygotsky, 1986). Synthetic knowledge (closely related to synthetic conceptions and fragmented
conceptions) forms when everyday knowledge is combined with abstract scientific information (Kikas, 2003).

Synthetic knowledge may also have different subtypes that represent more or less coherent ways of combining
information. These various subtypes of synthetic knowledge may have unique interactions with learned scientific
knowledge when new information is provided (Diakidoy & Kendeou, 2001). Identifying specific subtypes of
synthetic knowledge related to the water cycle allows teachers to better understand the formation of inaccurate
knowledge and to plan their syllabi accordingly.

Student motivation (i.e., interest, engagement) has also been highlighted as an important factor related to
knowledge development. Thus, interest should be studied together with different types of knowledge (e.g.,
everyday, synthetic, and scientific; Sinatra & Mason, 2013). Interest may support the development of scientific
understanding, as students with higher interest levels tend to be more persistent and are more likely to use
deep-level learning strategies (Andre & Windschitl, 2003; Hadjiachilleos, Valanides, & Angeli, 2013). Some
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studies also refer to the opposite possibility, that interest may support the persistence of existing scientifically
inaccurate ideas (Sinatra & Mason, 2013; Venville & Treagust, 1998).

Our study aimed to describe eighth-grade students’ everyday, synthetic, and scientific knowledge of the water
cycle as it relates to interest. First, we described the prevalence of everyday, synthetic, and scientific knowledge in
groups of students with different teacher-rated interest levels. While student self-evaluations are usually used in
assessing interest, it is also important to understand how teachers perceive student interest and how these ratings
are related to changes in student knowledge. Second, we studied changes in knowledge in groups with different
interest levels before and after an ordinary curriculum-based lesson. Third, we analyzed specifically students’
synthetic answers when describing the overall process of the water cycle and described changes between different
subtypes. While the Estonian National Curriculum (Vabariigi Valitsus, 2011/2018) emphasizes constructivist
methods, such methods may not be easy to implement for all teachers. Thus, it is also important to describe if and
how knowledge about important topics (e.g., the water cycle) changes in an ordinary learning environment.
Student knowledge was measured at three time points: just before the classroom lesson, right after the lesson, and
four months later.

1.1 Learning and the Development of Everyday and Synthetic Knowledge

Learning about the water cycle is difficult as it involves processes like evaporation and cloud formation which
cannot be directly observed. Even though other water cycle processes are visible (e.g. rainfall), students must still
create abstract relations between different concepts to accurately describe a given phenomenon. As a result,
children may form everyday knowledge that refers to perceptions of the visible world based on everyday
observations and experiences (Hannust & Kikas, 2007; Malleus, Kikas & Marken, 2017; Kikas, 2003; Wiser &
Amin, 2001). For example, students may compare cloud formation to steam in the bathroom after showering
(Thompson & Logue, 2006), or may describe evaporation as steam escaping when a pot is boiling (Varelas, Pappas,
& Rife, 20006).

When exposed to accurate scientific information, children often consolidate prior experiences with such scientific
information to form synthetic models (Vosniadou, 2012) or synthetic knowledge (Kikas, 1998b, 2003). Synthetic
knowledge has been described by some authors as highly internally consistent and highly accommodating of new
knowledge (Vosniadou & Skopeliti, 2014, 2017). Others have described synthetic knowledge as less integrated,
composed primarily of fragmented concepts and knowledge (DiSessa, 2002; Panagiotaki, Nobes, & Banerjee,
2006; Ozdemir & Clark, 2007). In our study, we combined different approaches and defined synthetic knowledge
broadly. We consider synthetic knowledge as stemming from explanations which combine everyday perceptual
knowledge and abstract scientific information (Kikas, 2003). Therefore, synthetic knowledge may develop as a
result of 1) simplifying and/or assimilating scientific information to fit with everyday experiences, or 2) using
fragments of scientific information without proper integration.

Prior studies have shown that, students may form synthetic knowledge about condensation and evaporation by
imagining water moving in the atmosphere or under the ground (Covitt, Gunckel, & Anderson, 2009). Moreover,
students hold a variety of inaccurate conceptions related to the water cycle. Some students show difficulty in
understanding the overall process of the water cycle (Ben-zvi-Assarf & Orion, 2005), while others show
incomplete knowledge of the process or fail to correctly integrate different pieces of scientifically accurate
information. For example, when describing cloud formation, some students only describe the upper part of the
water cycle or mix the processes of condensation and evaporation (Cardac, 2009; Sibley, Anderson, Heidemann,
Merrill, Parker, & Szymanski, 2007; Thompson & Logue, 2006). Thus, students may develop different subtypes of
synthetic knowledge that warrant additional study.

Synthetic knowledge may be a good transitional step toward scientific understanding; however, it is unlikely that
students will acquire scientific knowledge without exposure to specific conceptual-change oriented teaching
methods (Carey & Smith, 1993; Tytler, 2002). Moreover, without such exposure, students may be prone to the
development of additional synthetic knowledge (Diakidoy, Vosniadou, & Hawks, 1997; Hannust & Kikas, 2007).
Describing synthetic knowledge related to cloud formation and rainfall study has also shown that different types of
synthetic knowledge is evident already in kindergarteners and elementary school students’ answers (Malleus,
Kikas & Marken, 2017). Changes may be gradual and occur between different subtypes of synthetic knowledge
(Diakidoy & Kendeou, 2001), and some subtypes of synthetic knowledge may be more persistent than others
(Gonzalez, 1997).

Students may also acquire verbalisms — scientific-like descriptions in which learned material is regurgitated using
exact words, but without true comprehension. Similarly, researchers have described the short-term effects of
repetition-based practice. These short-term improvements do not support long-term learning, where a slower
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overall process and navigating through mistakes has been shown to be more effective (Soderstrom & Bjork, 2015).
In time, verbalisms may also convert into different types of synthetic knowledge (see Kikas, 1998a). Synthetic
descriptions often offer satisfactory explanations about the world, thus students may remain content with their
synthetic understanding and not seek out additional information ((Brewer, Chinn, & Samarapungavan, 2000;
Eberbach & Crowley, 2009; Kikas, 2003).

1.2 The Role of Interest in the Process of Knowledge Construction

In addition to existing knowledge, different motivational factors play an important role in the development of
proper scientific understanding (Krapp, 1999; Linnenbrink & Pintrich, 2003; Pintrich et.al., 1993, Sinatra, 2005).
We examined teacher-rated interest in students as one possible factor that may support the construction of
scientific knowledge.

Interest is defined as the psychological state of liking, valuing, and enjoying the process of engaging in a particular
activity or topic (Linnenbrink & Pintrich, 2002; Schiefele, 2009). Experimental research has shown that interest is
more strongly related to deep-level than surface-level information processing; in other words, interested students
strive for a better understanding and are more persistent toward that goal (Andre & Windschitl, 2003;
Hadjiachilleos et al., 2013). Deep-level learning strategies, in turn, tend to support better scientific understanding
(Schiefele, 1999; Wigfield & Cambria, 2010). In their overview of studies, Sinatra and Mason (2013) concluded
that higher interest levels may support conceptual-change processes or may inversely contribute to a higher
commitment to one’s existing ideas. Thus, different instructional approaches may be needed.

Classically, student interest — including attention, effort, activity, and enthusiasm — has been measured through
self-evaluations in which students were asked to rate their level of enjoyment and persistence on certain
assignments (e.g. Ainley, Hidi, & Berndorff, 2002; Kang, Scharmann, Kang, & Noh, 2010). Teacher ratings
represent another, less common method of assessing student interest. Studies have shown that, when considering
learning effort and enjoyment, student reports and teacher ratings are positively correlated (Zhu & Urhahne, 2014).
When promoting self-awareness and supporting the construction of scientific understanding, teachers consider
student interest as exhibited in their learning behavior (Zhu & Urhahne, 2014). Thus, teachers may pay more
attention to behavioral aspects reflecting students’ interest than the students themselves who may consider interest
more as simply liking specific topics.

Teacher ratings may therefore represent a good way of describing student interest that is related to their actual
learning behavior and should be described together with changes in knowledge. Thus, we used teacher ratings of
student interest to explore changes in everyday, synthetic, and scientific knowledge of the water cycle.

1.3 Learning About the Water Cycle in Estonian Schools

The topic of the water cycle was selected because its sub-processes (cloud formation, rainfall) are easily
observable by children from an early age. However, proper scientific explanation of the water cycle requires a
complete understanding of different cyclical processes and abstract subtopics — such as evaporation and
condensation — that are difficult for students to understand. Therefore, a synthesis of everyday experience and
scientific knowledge is likely to emerge (Covitt, Gunckel, & Anderson, 2009).

Although constructivist practices are recommended by the Estonian National Curriculum (Vabariigi Valitsus,
2011/2018), and although teachers report that they value constructivist practices, traditional methods are used
more often in regular Estonian classroom settings (Teaching and Learning International Survey, 2009, 2013). It
has been shown that traditional methods in Estonian schools vary significantly between subject areas, with science
teachers tending to use more traditional methods than social studies teachers (Teaching and Learning International
Survey, 2013). Implementing constructivist teaching practices — and, more specifically, conceptual-change
oriented teaching practices — is a process that takes time. Thus, it is important to study changes in knowledge in
ordinary teaching environments rather than in controlled, conceptual-change oriented classroom lessons.

In Estonia, topics related to the water cycle are taught gradually and cumulatively (spiral curriculum; see Bruner,
1960/1999). In Grade 2, students focus on observing weather (cloud formation and rain). From Grades 4-6,
different weather phenomena are discussed in relation to the water cycle. After graduating from Grade 6, Estonian
students are expected to be able to explain different parts of the water cycle and the role of temperature in this
process (Vabariigi Valitsus, 2011/2018). In Grade 7, different states of water are discussed with more specificity,
and in Grade 8, general topics of the water cycle are revised in the context of weather processes and bodies of water.
By the time Estonian students reach the eighth grade, topics related to the water cycle are distilled into one
45-minute lesson. More specifically, the water cycle is the first subtopic of a larger “Water Resources” unit that
lasts approximately three months (15 lessons).
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1.4 Objectives and Hypothesis

Prior studies have shown that synthetic knowledge about the water cycle is common in students of various ages
( Ben-Zvi Assaraf & Orion 2005; Cardak, 2009; Malleus, Kikas & Marken, 2017; Thompson & Logue, 2006;
Varelas, Pappas, & Rife, 2006). Our study sought to describe the effects of interest (as rated by teachers) on
eighth-grade students’ knowledge and how student knowledge changes during and after an ordinary classroom
lesson. Student knowledge was assessed before the lesson, right after the lesson, and four months later (T1, T2, and
T3, respectively). Interest was assessed via teacher ratings before the lesson. Based on these ratings, three interest
groups were created: high, average, and low.

More specifically, our study aimed (1) to compare the frequency of students’ everyday, synthetic, and scientific
answers in different interest groups, (2) to describe changes in students’ everyday, synthetic, and scientific answers
among different interest groups right after and four months after a classroom lesson, and (3) to compare different
subtypes of synthetic answers that students use to describe the process of the water cycle in different interest
groups before and after the lesson. The specific research questions and hypotheses were as follows.

First, do students in high, average, and low interest groups differ in their everyday, synthetic, and scientific
answers? An earlier study showed that, in general, younger students tend to give more synthetic answers than
scientific or everyday answers (Malleus, Kikas & Marken, 2017). However, synthetic answers have not been
found to be directly related to self-rated student interest. As teacher ratings of student interest have been shown to
be related to aspects of student engagement that support deep learning (Andre & Windschitl, 2003; Hadjiachilleos,
Lee & Reeve, 2012; Urhahne, 2011; Valanides, & Angeli, 2013), we expected that students in the high interest
group would give fewer synthetic and everyday answers, and more scientific answers, as compared with students
in average and low interest groups.

Second, how does everyday, synthetic, and scientific knowledge about the water cycle change in groups of
students with high, average, and low interest during and after the lesson? We hypothesized that changes in
knowledge right after the lesson would be similar to those four months after. As student engagement and interest
are related to changes in scientific knowledge formation (Andre & Windschitl, 2003; Hadjiachilleos, Valanides, &
Angeli, 2013), we hypothesized that students in the high interest group would give fewer everyday answers and
more scientific answers after learning as compared to their answers before learning. We further hypothesized that
students in the high interest group would give fewer everyday answers and more scientific answers after learning
as compared to students in the low interest group. However, it has been shown to be difficult and time consuming
for students to change their answers from synthetic to scientific (Carey & Smith, 1993; Tytler, 2002). Furthermore,
exposure to scientific knowledge may evoke new synthetic concepts (Diakidoy, Vosniadou, & Hawks, 1997;
Hannust & Kikas, 2007). Thus, we also expected that students in the high interest group would give more synthetic
answers after learning as compared to before learning. We also hypothesized that students in the high interest
group would give more synthetic answers after learning as compared to students in the low interest group.

Third, what kind of answers do students give to the question, “What is the water cycle?” at different time points,
and is there any difference between interest groups? Moreover, how do student answers change, and how do these
changes differ among interest groups? We assumed that this question would be the most difficult to answer
because scientific answers presume integration of information from different sources and a complete
understanding of the entire process as a cycle. Studies have shown that students of different ages struggle with
understanding this process (Ben-zvi-Assarf & Orion, 2005; Cardak, 2009; Sibley, et.al., 2007; Thompson & Logue,
2006).

In addition to everyday and scientific answers, we searched for subtypes of synthetic answers that were either more
or less similar to everyday or scientific answers. We expected that students in the high interest group would give
more synthetic answers that are more similar to scientific answers and fewer everyday answers. We also expected
to find changes among subtypes of synthetic answers before and after learning. We assumed that there would be
more students whose answers would change towards being more similar to scientific answers after being taught, as
compared to students whose answers did not change. With respect to interest, we hypothesized that students in the
high interest group would have more changes in their answers and would give more answers that are similar to
scientific answers after being taught, as compared to students in the average or low interest groups.

2. Method
2.1 Participants

Overall, 238 eighth-grade students (98 boys, mean age = 14 years) participated in the study. As a result of
unforeseeable student absences, the number of participants varied between time points, and some analyses were
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performed with fewer students. 183 students participated in all data-collection time points and were included in
subsequent analyses. Student participants came from 10 classes in five schools from different parts of Estonia.
Five geography teachers (all female) participated in the study. Two of the teachers had work experience of less
than five years; one 5—15 years of work experience; and two had more than 15 years of work experience.

2.2 Instruments
2.2.1 Knowledge Test

Students were asked the same seven open-ended questions at three different time points. All questions were related
to the water cycle. First, students were asked to define concepts such as the water cycle, evaporation, condensation,
clouds, and rain. Second, students were asked to answer the following two questions: “How do clouds form?” and
“Why do some clouds produce rain while others do not?”” Similar questions have been used in previous studies (cf.
Malleus, Kikas & Marken, 2017; Taiwo, Ray, Motswiri & Masene, 1999; Thompson & Logue, 2006).

During analysis, student answers were first coded into narrow types by reflecting different subtypes of everyday,
synthetic and scientific answer categories. The coding system was based on theoretical bases and previous studies
(cf. Malleus, Kikas & Marken, 2017 for specific descriptions and Kikas, 2003; Toomela, 2003; Vosniadou, 1994;
2008; Vygotsky, 1986 for theoretical bases). Narrower synthetic answer types reflecting answers to the question
“What is the water cycle?” were used in one analysis related to research question number three. A specific
description of these subtypes is presented in Table 1.

Table 1. Percentage of students giving different types of answers for defining water cycle

Four
Before Right after months
Category of an answer learning learning after
(%) (%) learning
(%)
Don’t know 20.2 12.4 8.4
Everyday: descriptive answers of water moving around (personified
constructions, describing more object than process) and defining 21.9 24.7 17.4

through the concept itself.

Synthetic Subtype 1: Describing movements of water while not
describing different states of water (inside lake, river or between 15.2 9.0 5.1
different lakes/rivers/oceans)

Synthetic Subtype 2: Including daily knowledge in descriptions

incorrectly. Slightly describes changes of states using elements

from everyday understanding when describing visible features: e.g.

when water moves though different states (personified), when 16.9 13.5 21.9
boiling water eventually turns into clouds and rains down, when

water evaporates and then stops, when water changes states while

boiling and freezing

Synthetic Subtype 3: Using learnt terms in fragmented manner
(describes moving using scientific type new information in
fragmented way referring to atmosphere, temperature, exchange of
water in the world, big and little water cycle)

10.7 26.4 30.3

Synthetic Subtype 4: Partial description of the process (tries to

describe the cyclic nature/process of water cycle: e.g. process

where water changes states and there is no end, process where 13.5 12.9 15.7
water moves between atmosphere and the ground or names

different parts of the processes, but not all)

Scientific: describing the cyclic nature or water cycle and also all

the sub-processes of the phenomena. 1.7 I I

Second, the coded answers were integrated into four broader categories: missing/don’t know, everyday, synthetic,
or scientific. Each student received four sum scores. For example, if a student had given two scientific answers and
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five synthetic answers, the student’s scores would be 0 for the ‘missing’ and ‘everyday’ category; 5 for the
‘synthetic’ category; and 2 for the ‘scientific’ category. The maximum possible score for each category was 7. Sum
scores for the ‘missing/don’t know’ category were excluded from further analysis as this was not the focus of the
present study. The three other sum scores were used in subsequent analyses.

Answers were coded by different researchers using specific schema established in previous studies
(Ben-zvi-Assarf & Orion, 2005; Cardak, 2009; Malleus, Kikas & Marken, 2017; Sibley, et.al., 2007; Thompson &
Logue, 2006). To facilitate coding, examples from previous studies were created for each subtype. For instance,
everyday answers described clouds as containers which collect moisture, or described evaporation as water
disappearing into the sky. Synthetic answer codes were given when students” for example 1) confused the
processes of evaporation and condensation, 2) incorrectly discussed other concepts in the wrong context (e.g.,
solidity, air pressure), or 3) gave incomplete information. To be marked as scientific, an answer had to describe the
overall concept using scientifically correct information (e.g., condensation is a process where substance in a
gaseous state transforms into a liquid state).

The coding process was as follows. First, 50% of the answers were coded by one researcher based on the schema.
Next, another researcher individually reviewed the same 50% of answers. When comparing the results, it was
found that the researchers disagreed about the coding category for 32% of answers. These answers were further
discussed until 100% agreement was attained. The coding schema was then reviewed and improved before coding
the second half of the answers. Again, one researcher coded the other 50% of the answers individually, followed by
the second researcher coding the same 50% of answers. For these answers, the researchers disagreed about the
coding category for 15% of answers. These answers were discussed until the researchers reached full consensus on
the coding of all answers.

2.2.2 Interest

To classify interest level, geography teachers were first given a list of all students in the class. Next, they were
asked to categorize students who were either a) more interested in weather-related topics, or b) less interested in
weather-related topics. Students without strong interest in weather-related topics were left unmarked. Teachers
marked 58 students as less interested (25.9%), 66 students as more interested (31.1%), and did not mark 88
students (41.5%). These three interest groups — low, average (not marked), and high — were used in subsequent
analyses.

2.3 Procedure

This study was part of a larger three-year research project entitled “General competencies and their assessment.”
This project aimed to evaluate the development of general competencies in middle school students. The data
collection process was approved by an ethical committee. First, eight school principals were contacted and asked
for permission to carry out the study. Next, geography teachers were asked to participate. Teachers who consented
were asked to describe their personal syllabus to establish when relevant topics were covered in their classroom
lessons. The study only included classes which covered the water cycle in the fall term (5 schools, 10 classes).
Finally, all participating parents were asked for informed consent. Only students with parental permission were
included in the study.

The first author of the paper conducted written tests assessing general knowledge at three time points: T1 — before
the lesson; T2 — the next geography lesson after relevant topics were covered; and T3 — four months after the
“Water Resources” unit ended. Students completed the test within approximately 25 minutes.

First, before the lesson, all students completed the general knowledge test. While students completed the test,
teachers were asked to categorize students based on interest level. Next, all students in the sample participated in
an ordinary geography lesson (45 minutes in duration) that covered topics related to the water cycle. In the next
lesson, the second test of student knowledge was administered. All students continued to participate in subsequent
lessons covering topics related to water resources (one lesson per week for 11 consecutive weeks). After this unit
concluded, students were tested a third and final time.

Topics covered included the following: distribution of water resources on earth, world seas, water temperatures,
ice conditions on the sea, the effects of flowing water, flooding, water reservoirs, and the use and protection of
water bodies. Teachers were not asked to use specific conceptual-change oriented teaching methods. Rather,
lessons reflected teachers’ ordinary teaching practices and were based on the standard national curriculum. All
lessons covering the water cycle were recorded and later transcribed. Subsequent analysis from recorded lessons
and teachers’ own evaluations revealed that, although teachers used different methods (including learner-centered
methods), teacher-directed methods were used the majority of the time.
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2.4 Data Analysis

Sum scores for everyday (Min = 0; Max = 5), synthetic (Min = 0; Max = 7), and scientific answers (Min = 0; Max
= 6) were calculated for seven questions. These sum scores were used as dependent variables in a subsequent
Repeated Measures Analysis of Variance (ANOVA). Post-hoc tests were carried out using Bonferroni correction.
Partial * was used as a measure of effect size (further named 7).

Different answers to the question “What is the water cycle?” were analyzed with crosstabs using frequency
statistics. Different subtypes of synthetic answers were listed and presented on a hypothetical scale based on their
similarity with everyday category or scientific category (further named as lower order synthetic answers and
higher order synthetic answers). Different combinations of answer types across different time points and in relation
to different interest groups were analyzed using Configural Frequency Analysis from the Sleipner statistical
package (Bergman & El-Khouri, 2002; von Eye, Spiel, & Wood, 1996). Configural Frequency Analysis (CFA)
compares expected and observed frequencies of combinations of variables and evaluates whether this difference is
bigger than chance (von Eye, 2003). Combinations may occur more often than expected (referred to as types) or
less often than expected (antitypes). Configural Frequency Analysis was chosen as it allows researchers to describe
individual changes in student answer patterns and is widely used in person-oriented research (e.g. Bergman &
El-Khouri, 2002). Example CFA data is shown in Appendix A.

3. Results
3.1 Everyday, Synthetic, and Scientific Answers in Three Interest Groups Before and After the Lesson

Table 2 presents descriptive statistics for everyday, synthetic, and scientific answers in different interest groups
before, right after, and four months after the lesson.

Table 2. Descriptive statistics in T1, T2, T3 for everyday, synthetic and scientific answers in whole sample and
different interest related groups

Interest groups

Low Average High
M(SD) M(SD) M(SD)

Tl

Everyday 0.93 (1.05) 0.78 (0.92) 0.61 (0.65)

Synthetic 2.96 (1.65) 3.86 (1.70) 4.34 (1.48)

Scientific 0.08 (0.08) 0.92 (0.88) 1.11 (0.97)
12

Everyday 1.24 (1.15) 0.70 (0.81) 0.45 (0.63)

Synthetic 3.00 (1.66) 3.56 (1.57) 421 (1.25)

Scientific 1.20 (1.10) 1.51 (1.18) 1.63 (1.12)
73

Everyday 0.87 (0.87) 0.74 (0.93) 0.41 (0.65)

Synthetic 3.73 (1.59) 3.84 (1.49) 4.61 (1.17)

Scientific 1.11 (1.05) 1.29 (1.22) 1.57 (1.08)

Three separate 3 (interest: low, average, high) x 3 (time: T1, T2, T3) Repeated Measures ANOVAs were
conducted for everyday, synthetic, and scientific answers. A significant main effect of interest was shown for
everyday [F (2, 171) = 10.00, p = .001, ° = .10] and synthetic [F (2, 174) = 13.50, p = .001, partial 5’ = .13]
answers. Students in the high interest group had overall lower scores of everyday answers (M = 0.48, SD = 0.07)
compared to other groups (low M = 1.01, SD = 0.08, p = .04; average M = (.73, SD = 0.06, p = .001). Students in
the high interest group also had higher scores of synthetic answers (M =4.38, SD = 0.15) compared to other groups
(average M =3.71,SD=0.13, p =.001; low M=3.23, SD=0.17, p =.01). A significant main effect of assessment
time was found for synthetic [F(2, 348) = 5.37, p = .01, partial ° = .03] and scientific [F(2, 348) = 15.74, p = .001,
partial ° = .08] answers. Students gave more synthetic answers at T3 (M=4.03, SD=0.11) than T1 (M=3.71, SD
=0.12,p =.001) or T2 (M =3.58, SD =0.12, p = .01). More scientific answers were given at T2 (M =1.43, SD =
0.09, p=.001)and T3 (M =1.31,SD=0.09, p =.001) than at T1 (M =0.94, SD =.07). No significant interactions
were found between interest groups and assessment times.
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3.2 Analyzing the Answers to the Question “What Is the Water Cycle?”

As compared with other questions, and as predicted, students gave the lowest number of scientific answers to the
question “What is the water cycle?”. Specifically, 2% of students gave scientific answers to this question before
learning, and just 1% of students gave scientific answers to this question after learning. On the other hand, 8-46%
of answers given to other questions were scientific. Data reflecting the frequency of different types and subtypes of
answers given to the question “What is the water cycle?” at three time points is presented in Table 1.

Multiple Configural Frequency Analyses (CFA) were carried out to examine patterns among answer types, interest
groups, and time points. An example of one analysis is presented in Appendix A. At T1, students in the high interest
group gave more synthetic answers than expected (p = .02; observed frequency = 14; expected frequency = 7.53).
At T2, students in the low interest group gave more everyday answers than expected (p =.001; observed frequency
= 22; expected frequency = 10.81). In contrast, students in the high interest group gave fewer everyday answers
than expected (p = .03; observed frequency = 7; expected frequency = 13.83). At T3, students in the high interest
group gave fewer ‘don’t know’ answers than expected (p = .01; observed frequency = 0; expected frequency =
4.23), and fewer everyday answers than expected (p = .03; observed frequency = 4; expected frequency = 9.77),
but more synthetic answers than expected (p = .01; observed frequency = 29; expected frequency = 17.58).
Students in the low interest group gave more everyday answers than expected (p = .03; observed frequency = 13;
expected frequency = 7.50) and fewer synthetic answers than expected (p = .02; observed frequency = 6; expected
frequency = 13.50).

69% of student answers changed categories between T1 and T2. More specifically, in T2, 26% of students gave
higher-order synthetic answers (moved towards more scientific understanding) and 20% of students gave
lower-order synthetic answers. 73% of student answers changed categories between T1 and T3. More specifically,
in T3, 35% of students gave higher-order synthetic answers and 19% of student gave lower-order synthetic
answers.

Two Configural Frequency Analyses compared different interest groups before and after the lesson. Between T1
and T2, three combinations appeared as significant #ypes. Students in the low interest group gave more everyday
answers than expected, both before and after the lesson (p = .01; observed frequency = 8; expected frequency =
2.41). Students in the high interest group gave more synthetic answers than expected in synthetic answer subtype 1
(p = .01; observed frequency = 4; expected frequency = 1.78) and 3 (p = .01; observed frequency = 6; expected
frequency = 1.67), both before and after the lesson.

Atboth T1 and T3, more students than expected in the high interest group gave synthetic answers listed as Subtype
1 (p =.01; observed frequency = 3; expected frequency = 0.47) and 3 (p = .01; observed frequency = 7; expected
frequency = 1.96). In addition, across both T1 and T3, more students than expected in the high interest group gave
synthetic answers in Subtype 4 (p = .05; observed frequency = 4; expected frequency = 1.23). At T1, students in
the high interest group gave more synthetic answers in Subtype 2, while at T3, students in the high interest group
gave more synthetic answers in Subtype 3 (p = .05; observed frequency = 7; expected frequency = 2.90). At T1,
students in the average interest group gave more synthetic answers in Subtype 2 than expected, while at T3,
students in the average interest group gave more scientific answers than expected (p =.01; observed frequency =2;
expected frequency = 0.14).

4. Discussion

Our study aimed to examine eight-grade students’ everyday, synthetic, and scientific knowledge about the water
cycle before and after a regular classroom lesson. We found that student answers varied depending on their level of
interest, such that students in the high interest group gave more synthetic answers and fewer everyday answers
compared to students in other interest groups. Changes in answers before and after the lesson were similar in all
interest groups, but students gave more scientific answers after the lesson as compared to before the lesson. In all
interest groups, students were found to give more synthetic answers four months after learning as compared to
right after the lesson. The most difficult question for students was “What is the water cycle?”. At all time points,
students proposed different synthetic answers to this question.

4.1 Everyday, Synthetic, and Scientific Knowledge Before and After the Lesson in Three Interest Groups

We expected student answers to change depending on their interest group, but our hypothesis was only partially
confirmed. Students rated as highly interested gave fewer everyday answers and more synthetic answers at all time
points when compared to students in the average and low interest groups.

Previous studies have reported an effect of higher interest on deeper-level learning, since interested students use
more-efficient learning strategies that help them successfully restructure their knowledge (Andre & Windschitl,
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2003; Hadjiachilleos, Valanides, & Angeli, 2013; Schiefele, 1999; Wigfield & Cambria, 2010). Therefore,
interested students may give fewer everyday answers. However, this does not imply that these students have
acquired true scientific understanding. Studies in conceptual change have shown that interest can also support
maintaining existing understandings (for an overview, see Sinatra and Mason, 2013). Synthetic answers, in
particular, have been shown to be quite resistant to change (Boylan, 2009; Carey & Smith, 1993; Tytler, 2002).
While everyday answers may seem less plausible (and are therefore more susceptible to change), synthetic
explanations may be perceived as sufficient to describe the phenomena (and are thus less likely to change).

Unexpectedly, student answers changed similarly across the three interest groups. Students in all interest groups
gave more scientific answers immediately after the lesson, and more synthetic answers four months after the lesson.
Therefore, the lesson seemed to act as a beneficial revision of water cycle topics, but only in the short term
(Soderstrom & Bjork, 2015). However, the prevalence of synthetic answers, even directly after the lesson, suggests
a need for more research to fully understand long-term learning and associated comprehension. As students were
taught about water resources over a four-month period, it is possible that student knowledge related to the water
cycle may have changed; furthermore, new synthetic knowledge may have been formed.

Our choice to use teacher ratings as a measure of student interest may have affected the results. Prior studies have
shown that teacher ratings are similar to student reports, but for teachers, student interest may be more visible
through aspects related to engagement, and these aspects have been shown to have a direct impact on knowledge
acquisition (Ainley, Hidi, & Berndorff, 2002; Kang, Scharmann, Kang, & Noh, 2010; Krapp, 1999). Therefore,
teacher ratings of students” interest may be important to describe in relation to the development of true scientific
understanding, but this aspect alone may not be enough. Teachers ratings should be studied together with students’
estimates and other factors should be included. For instance, expectancy-value theory posits that other variables —
like learners’ self-efficacy beliefs — play similarly important roles in learning engagement (Eccles, 2005;
Linnenbrink-Garcia et. al., 2012). This suggests that even students with higher interest (and engagement) may
need more time and support from their teachers in order to develop true scientific understanding, but these
motivational aspects can be explicitly taken into account by teachers to support students’ learning.

4.2 Defining the Water Cycle

The water cycle is a complex phenomenon — a cyclical process consisting of several sub-processes that are not
directly perceptible, and thus difficult to understand in a short period of time. To investigate synthetic answers in
more detail, we analyzed answers to the question “What is the water cycle?” separately. As expected, and similar
to previous studies (Ben-Zvi Assaraf & Orion 2005; Cardak, 2009; Sibley, et al., 2007; Thompson & Logue, 2006),
only a minority of students gave scientific answers to the question “What is the water cycle”, while the majority of
answers were synthetic. This suggests a need to study the emergence of synthetic concepts in order to combat
misinformation and support better, more-accurate understanding in students.

We divided overall synthetic answers into separate subtypes, some of which were more similar to everyday
answers and others more similar to scientific answers (see Table 1). With the exception of Subtype 1, similar
subtypes have been described in previous studies (Ben-zvi-Assarf & Orion, 2005; Cardak, 2009; Sibley et.al.,
2007; Thompson & Logue, 2006). Synthetic answers listed in Subtype 1 described the water cycle as liquid
moving between different bodies of water or inside a lake. Answers in Subtype 1 were most similar to everyday
answers, but still reflected parts of learned scientific material. These answers may have been impacted by the
specifics of the Estonian language. In Estonian, veeringe (the water cycle) is a compound word comprised of two
common words (vee — water, and ringe — circle or cycle). Many other natural processes can be described using
similar words, and these overlapping definitions may have confused some students. This description was less often
used by students after the lesson in comparison with the descriptions before the lesson. Thus, some students may
recognize the need to specify their answer in this context even after short lesson.

Synthetic answers in Subtype 2 described changes in water states using elements from everyday understanding,
such as vapor that is visible during boiling. These answers used the words boiling and fireezing, but also reflected
students’ difficulties with defining the water cycle as a system. Answers in Subtype 2 tended to use wording that
was more appropriate for describing objects than a system.

In Subtype 3, students used fragments of different concepts related to the water cycle. These answers created new
associations, but failed to describe the real process of the water cycle. For example, student answers often used
terms like atmosphere or temperature, but did not explain the connection between these terms and the water cycle.
Students also confused the processes of condensation and evaporation. Answers that were listed under Subtype 3
were most frequently used by students after the lesson. This is consistent with prior studies, which have described
difficulties in student comprehension regarding environmental elements (Vosniadou, 2013; Vosniadou &

45



http:/journal.julypress.com/index.php/jed Vol. 3, No. 1; April, 2019

Skopeliti 2017). Answers in Subtype 3 reflected student attempts to integrate different pieces of scientific
information without having a complete understanding of the process as a whole. Answers in Subtype 4 were the
closest to scientific answers. These answers left out only one sub-process of water-cycle from their description, but
described the cyclical nature. Other answers in Subtype 4 only identified all sub-processes correctly while failing
to describe the cyclical nature of the water cycle. Answers in Subtype 4 did not reflect overall misunderstanding of
the process, but rather lacked specific details that are necessary to a full understanding of the water cycle.

When describing the difference between given answers according to different interest groups we found that
students in the high interest group tended to give more than expected synthetic answers in Subtype 4, even before
the lesson. This may be because interested students may pay more attention to relevant topics in earlier lessons,
resulting in later recall of isolated facts without a full scientific understanding of the process. Thus teaching of
these students should be focused on supporting the development of systemic understanding. Four months after the
lesson, more students than expected in the high interest group gave synthetic answers in Subtype 3. Other studies
have also shown that, after teaching, the content of synthetic answers is prone to change (e.g., Hannust & Kikas,
2007). Namely, synthetic answers in Subtype 3 attempted to explain the water cycle in relation to other abstract
concepts that students had only recently learned (e.g., temperature, the atmosphere). Interested students may pay
attention to topics related to the water cycle in other classes, thereby reorganizing their understanding with new
concepts and ideas. This may result in fragmented descriptions, as new information might not be fully understood
or properly integrated with existing knowledge. The fact that more students in the high interest group gave
synthetic answers in Subtype 4 before the lesson, and in Subtype 3 four months after the lesson, may also refer to
the possibility that Subtype 4 answers include verbalisms in which scientific words are simply memorized, but not
truly understood (Kikas, 1998a). Further studies are needed to more accurately understand the development of
synthetic knowledge over time as described patterns only reflected small difference between some students.

As expected, changes in synthetic answers over time were generally toward subtypes that were more similar to
scientific answers (higher-order answers). Even in traditional settings, student answers tend to change after a short
lesson, but instead of forming scientific knowledge, various types of synthetic knowledge is formed. Some
students’ answers did not change. For example it was found that even highly interested students gave synthetic
answers in Subtypes 1 and 3 that persisted through different time points. This finding is similar to previous studies
that have shown specific answers common to students in different ages (e.g., Gonzales, 1997.) It is possible that
information related to these subtypes was not covered in the lesson (e.g. Subtype 1), but also it may be discussed
that these answers seemed plausible for students (e.g. Subtype 3) and more specific teaching strategies should be
used to support the development of scientific knowledge.

Our results also emphasize that previous knowledge should be explicitly evoked in all classroom lessons.
Synthetic answers in Subtype 3 used scientific concepts in relation to the water cycle (e.g. temperature, the
atmosphere). Using sophisticated concepts and terminology may give students a false impression that topics have
been understood (Eberbach & Crowley, 2009; Kikas, 2003). In this case, students may not feel the need to
restructure their knowledge, and with traditional teaching methods, such synthetic knowledge may become
solidified (Sinatra and Mason, 2013). As changes in knowledge are continuous and every new experience can
change a student’s understanding, it is important to describe long-term knowledge shifts to better understand why
answers may move between synthetic subtypes. Diakidoy and Kendeou (2001) suggest that moving between
synthetic subtypes may be progressive, thus teachers should pay specific attention to understanding what kind of
knowledge students have and how student knowledge changes throughout the lesson.

5. Limitations

Some limitations of the present study should be addressed. First, our sample was modest, which limits our ability
to make firm conclusions about broader populations. Second, as the goal of the study was to describe changes in
knowledge in an ordinary classroom environment, we did not compare teachers’ activities. Thus, we cannot infer
which teaching methods best support learning. In the future, larger intervention studies should compare and
contrast different teaching methods.

Third, in an effort to study the teacher perspective, we relied upon teacher ratings to describe student interest levels.
Student engagement (an important part of student interest) has been found to be directly related to the successful
development of knowledge (Ainley, Hidi, & Berndorff, 2002; Kang, Scharmann, Kang, & Noh, 2010; Krapp,
1999). Although earlier studies have shown high correlations between teacher and student interest ratings (Givvin,
Stipek, Salmon & MacGyvers, 2001; Lee & Reeve, 2012; Zhu & Urhahne, 2014), both types of ratings are also
influenced by beliefs and knowledge. In our study, a teacher’s ability to accurately evaluate student interest levels
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was taken for granted. Incorrect evaluations may have distorted our results. Therefore, future studies may benefit
from using student ratings in conjunction with teacher ratings.

Fourth, we used open-ended questions to describe student knowledge. Some researchers argue that open-ended
questions distract students and evoke misconceptions (Diakidoy, Kendeou, 2001; Vosniadou & Brewer, 1994).
Also it is a possibility that our coding system may have been too rough and listed students’ answers to lower
categories when compared to prior studies. However, with multiple-choice questions, it is possible that a student
may recognize the correct answer without having a true scientific understanding of the concept. Therefore,
considering everyday and synthetic concepts specifically, it is important to let students freely describe their
understanding.

6. Implications

Our study described student knowledge about the water cycle in terms of everyday, synthetic, and scientific
answers. Our findings can help teachers better understand 1) how student knowledge changes with the presentation
of new scientific information, and 2) the role interest plays in student understanding. Our findings may also help
teachers 1) offer students new possibilities to use their knowledge in a variety of contexts, and 2) encourage
students to understand when topics have not yet been mastered. Teachers may also benefit from the realization that
higher student interest may support the formation of both scientific and synthetic knowledge. Moreover, teacher
perceptions of student interest and other motivational factors are important to study as these perceptions may
impact our understanding about how to best support student knowledge development.

Our findings indicate that interest alone may be an insufficient indicator of when, why, and how student
knowledge changes. Therefore, future studies should consider other motivational and cognitive variables.
Follow-up studies should also analyze the effects of different conceptual-change oriented teaching methods on
student knowledge development.
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Appendix A. An example of Configural Frequency analysis output for T1 according to groups of interest and
answer type

Pairs of
lnge(rzrsltsgé)rup 8::32;?; Expected frequency X2 P
type*
10 10 .58 .58 .26
20 15 13.66 13 .39
30 7 10.48 1.16 17
11 12 9.58 .61 25
21 20 16.65 .67 23
31 7 12.77 2.61 .06
12 8 6.63 .28 .36
22 13 11.53 .19 37
32 6 8.84 91 21
13 5 6.88 .51 31
23 12 11.95 .00 54
33 11 9.17 37 32
14 5 4.67 .02 S1
24 5 8.11 1.19 17
34 9 6.22 1.24 17
15 2 5.65 2.36 .08
25 7 9.82 .81 23
35 14 7.53 5.55 .02
16 0 74 74 47
26 1 1.28 .06 .63
36 2 .98 1.05 26

* First number refers to Interest group (1-Low; 2-Average; 3-High) and second number refers to answer type
(0-Don’t know, 1-everyday, 2-synthetic category 1, 3-synthtic category 2, 4-synthetic category 3, 5-synthetic
category 4, 6-scientific.
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